The proportion of unsaturated fatty acids in the membrane lipids of ole-1, a fatty acid desaturase mutant of Saccharomyces cerevisiae, is manipulated within the range 6-85 % of total fatty acids by growing the organism in media containing defined supplements of Tween 80 (Proudlock et al., 1971) . Mitochondria whose membrane fatty acids are less than 20% unsaturated lose the ability to couple phosphorylation to oxidation both in vivo and in vitro . The loss of coupling is reversed by the incorporation of unsaturated fatty acids in vivo, and recoupling is unaffected by inhibitors of protein synthesis, indicating that the phenomenon is purely a lipid lesion. The energylinked ejection of protons by mitochondria is also lost as a result of fatty acid depletion, and the passive permeability of the mitochondria to protons increases . Since chemical uncouplers also cause the two latter effects, the enhanced proton permeability induced by changed lipid composition of the membrane is an adequate explanation of the loss of coupled phosphorylation.
The mode of entry of protons into the unsaturated fatty acid-depleted organelles was investigated. One possible mechanism of proton entry is via an aberrant proton-557th MEETING, LIVERPOOL 773 translocating ATPase.* The activity of the mitochondrial ATPase in unsaturated fatty acid-depleted mitochondria is normal at 28"C, and is inhibited by oligomycin and the protein ATPase inhibitor from ox heart mitochondria. However, Arrhenius plots of the temperature-dependence of the enzyme revealed profound effects on the kinetics at lower temperatures. There are discontinuities in the Arrhenius plots of mitochondrial ATPase for organelles containing the whole range of fatty acid compositions, but depletion of unsaturated fatty acids causes a marked shift in the transition temperature to higher values . This confirms that lipid composition has a profound effect on the kinetics of membrane-bound enzymes, and is consistent with the hypothesis that transitions in Arrhenius plots indicate a phase separation in the membrane lipids in the vicinity of the enzyme. Fig. 1 shows that Arrhenius plots of the passive permeability of mitochondria to protons are entirely different to those of the ATPase. Fully supplemented mitochondria are highly impermeable to protons over the whole range of temperature 634°C. The Arrhenius activation energy of only 9 kJ/mol suggests a diffusion-limited process. In contrast, the proton permeability of unsaturated fatty acid-depleted mitochondria is very high, particularly at higher temperatures, and the Arrhenius activation energy is 38 kJ/mol, which could indicate a chemically mediated process. However, Arrhenius plots for proton permeability do not show discontinuities and are unaffected by oligomycin, indicating that the additional proton entry is probably not catalysed by the ATPase.
The effects of unsaturated fatty acid depletion on mitochondrial macromolecular synthesis have been studied on Linnane's laboratory by using anaerobically grown cells and the ole-1 mutant. Depletion of unsaturated fatty acids in both systems causes an Abbreviation : ATPase, adenosine triphosphatase. The half-times of passive proton entry into mitochondria were determined as described by . 0 , 83% of fatty acids unsaturated, Arrhenius activation energy = 9kJ/mol; m, 20% of fatty acids unsaturated, Arrhenius activation energy = Binding sites (pmol/mg of protein) 450 50
inhibition of mitochondrial protein synthesis and a diminution in the amount of mitochondrial ribosomal RNA (Watson et al., 1971; Marzuki et al., 1975) . Moreover, mitochondrial DNA replication is inhibited, leading to the induction of the cytoplasmic petite mutation (Marzuki et al., 1974) . Induction of cytoplasmic petite mutants has also been observed when intramitochondrial ATP production and the transport of cytoplasmic ATP into mitochondria are inhibited simultaneously (Subik et al., 1972) . Depletion of unsaturated fatty acids will prevent endogenous production of ATP owing to the uncoupling of oxidative phosphorylation. If the mitochondrial ATP transporter is also inhibited by the changes in membrane lipid composition, this would cause a fall in mitochondrial ATP concentrations and account for the inhibition of macromolecular synthesis. The effects of changed fatty acid composition on the properties of the adenine nucleotide transporter are shown in Table 1 . Depletion of unsaturated fatty acids greatly diminishes both the rate and extent of ATP uptake by mitochondria, and also lowers the sensitivity to atractylate. Similar results are obtained with freshly isolated mitochondria, in which uptake into the endogenous pool of mitochondrial adenine nucleotides predominates, and with arsenate-depleted organelles, in which the major part of ATP uptake is binding to membrane sites. Preloading of fresh or arsenate-depleted mitochondria with ATP, as described by Groot et al. (1975) , does not affect the results. The rate of uptake of ATP by supplemented mitochondria is enhanced by the addition of chemical uncouplers or by valinomycin plus nigericin, indicating that ATP entry is opposed by the membrane potential, whereas in the depleted organelles uncouplers have no effect on ATP uptake, as the mitochondria are already uncoupled, owing to the changes in lipid composition. Thus unsaturated fatty acid depletion inhibits the adenine nucleotide transporter independently of its uncoupling action, and the combination of these two distinct effects probably causes indirectly an inhibition of all intramitochondrial processes that require ATP. 
